Background. Each year, the US Influenza Vaccine Effectiveness Network examines the effectiveness of influenza vaccines in preventing medically attended acute respiratory illnesses caused by influenza.
Influenza vaccines are unique in requiring regular changes in composition to match the antigenic drift of the circulating virus strains [1] . They currently are recommended annually in the United States for all persons aged ≥6 months [2] and are composed of 3 strains representing influenza A (H3N2), A (H1N1), and B viruses, some of which may be new in a particular year and some of which may not. Because 2 distinct lineages of type B circulate, strains from both will soon be incorporated into what will then be a quadrivalent vaccine [3] . There is ample evidence that influenza vaccine effectiveness (VE) varies not only by virus type (subtype) but also from year to year [4] . A number of explanations for these variations have been suggested, including antigenic match between vaccine and circulating strains, the age and health status of vaccine recipients, and the time between vaccine receipt and occurrence of the seasonal outbreak.
To monitor variation in VE, many countries have begun to conduct annual evaluations [5] [6] [7] [8] [9] . Various observational methods have been used, but most involve laboratory confirmation of illnesses as influenza and documentation of influenza vaccine receipt. Since the 2008-2009 influenza season, multiple centers in the United States have collaborated annually to estimate VE through the Influenza Vaccine Effectiveness (Flu VE) Network. This network examines the effectiveness of influenza vaccines in preventing medically attended acute respiratory illnesses caused by influenza. The network has quantified vaccine protection during seasonal outbreaks and has also demonstrated the effectiveness of the H1N1 pandemic vaccine once it became available in 2009 [5, 6] .
We report here estimates of effectiveness of the 2011-2012 influenza vaccines, with special reference to protection against each circulating influenza virus and the effect of prior vaccination on estimates [10] . The influenza season was mild overall and peaked nationally in March 2012 with circulation of type A (H3N2) and A (H1N1) pdm09 viruses, plus type B viruses from both lineages [11] .
METHODS

Subject Enrollment
We enrolled adults and children seeking care for acute respiratory illnesses at ambulatory care facilities, including urgent care clinics, affiliated with the Group Health Cooperative, Seattle, Washington; the Marshfield Clinic Research Foundation, Marshfield, Wisconsin; the University of Michigan School of Public Health partnered with the University of Michigan, Ann Arbor, and Henry Ford, Detroit, Health Systems, Michigan; the University of Pittsburgh Schools of Health Sciences partnered with the University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania; and Scott & White Healthcare, Texas A&M Health Science Center College of Medicine, Temple, Texas; these 5 centers comprised the US Flu VE Network. Enrollment of patients began after circulation of laboratory-confirmed influenza was identified through local surveillance at each network center.
Trained study staff reviewed clinic appointment schedules for chief complaints of interest (eg, cough, flu, asthma exacerbation) to identify patients with acute respiratory illnesses. These potentially eligible patients (or parents/guardians of minors) were approached and screened for study eligibility by brief interview. Patients with acute respiratory illness were eligible for enrollment if they were aged ≥6 months on 1 September 2011 and thus eligible for influenza vaccination and if their illness was characterized by cough and or fever/feverishness of <7 days' duration. Eligible patients provided informed consent for study participation, and consented subjects completed an enrollment interview and had throat swab and nasal swab specimens (or nasal swab only in patients aged <2 years) collected and combined for influenza identification.
Patient demographic characteristics (age, sex, race/ethnicity), illness onset date, symptoms present, subjective assessments of general [12] and current health status [13] , and self-reported influenza vaccination status were ascertained by interview. Subjects were defined as high risk if they had medical record documentation during the year before enrollment of health conditions that increased their risk of influenza complications [2] . Influenza vaccination status for the 2011-2012 season was based on documented evidence of vaccine receipt from medical records or immunization registries. The 2011-2012 influenza vaccines contained the following virus strains: A/California/07/ 09 (H1N1pdm09), A/Perth/16/09 (H3N2), and B/Brisbane/60/ 08 (Victoria lineage) [14] . The study was reviewed and approved by the institutional review boards at participating network centers.
Laboratory Methods
Respiratory specimens collected from enrolled patients were tested for influenza virus identification at network laboratories by means of real-time reverse-transcriptase polymerase chain reaction (RT-PCR). The RT-PCR primers, probes, and testing protocol were developed and provided by the Centers for Disease Control and Protection Influenza Division and designed for universal detection of influenza A and B viruses, subtype identification of influenza A viruses, and lineage determination of influenza B viruses. Testing proficiency panels administered by the Centers for Disease Control and Prevention were successfully completed by all participating laboratories.
Estimation of Influenza VE
Influenza case patients were defined as persons with medically attended acute respiratory illnesses that were confirmed by RT-PCR as influenza; persons with similar illnesses that were negative by RT-PCR for influenza were termed control patients. This approach is termed a test-negative design and is described as analogous to an indirect cohort study [15] . Subjects were considered vaccinated if they had documented evidence of receipt of at least 1 dose of influenza vaccine for the current season at least 14 days before illness onset. Characteristics of case and control patients and vaccinated and unvaccinated patients were examined and compared by χ 2 tests. Differences in self-rated current health assessment scores (scale 1 [worst] to 100 [best]) were examined using the nonparametric KruskalWallis test. VE was estimated by comparing the vaccination coverage in those who tested positive for influenza with those who tested negative and calculated as 100 × (1 − odds ratio) in logistic regression models [15, 16] . Both unadjusted and adjusted effectiveness estimates were calculated; variables were included in adjusted models based on consideration of standard potential confounders [5, 6] 
RESULTS
We enrolled 4852 patients with medically attended acute respiratory illnesses beginning in early January 2012; enrollment of case patients peaked in early March and continued into early May. Eighty-one (1.7%) enrolled subjects were excluded from analysis because their illness onset dates were >7 days before enrollment or they had missing data on key variables. These exclusions resulted in an analysis set of 4771 subjects, including 681 (14.3%) influenza-positive case patients and 4090 influenzanegative control patients; 440 (64.6%) influenza case patients were identified as having influenza A (H3N2), 110 (16.2%) as having influenza A (H1N1)pdm09, and 131 (19.2%) as having influenza type B. Case and control patients did not significantly differ by sex, age, or race/ethnicity categories but did vary by influenza vaccination status, with case patients significantly less likely to have documented evidence of vaccine receipt (31.3% vs 48.5%; P < .001; Table 1 ). Case patients were less likely than control patients to have high-risk health conditions and were more likely to self-rate their general health status as excellent or very good; however, current illnesses were self-rated as more severe by case patients.
Vaccination coverage was highest in younger children and older adults (Table 2) . Vaccinated subjects were more likely than the unvaccinated to have high-risk health conditions, to self-rate their general health status as fair or poor, and to be white (not Hispanic) compared with black or Hispanic. Eightyone percent of vaccinated subjects had received the inactivated vaccine, and 8% had received the live-attenuated vaccine; for 11% of vaccinated subjects, vaccine type was unknown. Among case patients and controlling for interval between illness onset and enrollment, vaccinated and unvaccinated subjects selfrated the severity of their current illness similarly (51.4 vs 49.7; P = .34).
Overall adjusted VE was estimated as 47% (95% confidence interval [CI], 36-56) in preventing medically attended influenza (Table 3 ). In sensitivity analyses that considered only those subjects enrolled <5 days since illness onset, VE was nearly identical (46%; 95% CI, 33-57). Estimates stratified by age category indicated the highest point estimates were seen in children aged 9-17 years (58%; 95% CI, 27-76) and the lowest were seen in adults aged 18-49 years (44%; 95% CI, 21-60) and adults aged ≥65 years (43%; 95% CI, −18 to 72). Children aged <9 years are recommended to receive 2 doses of vaccine in the current season or 1 dose in each of the current and last seasons to be considered fully immunized [14] ; the VE point estimate in fully immunized young children was substantially higher (51%; 95% CI, 27-68) than in partially immunized children (18%; 95% CI, −48 to 55). Also presented in Table 3 are estimates of effectiveness in children aged 2-17 years by whether the vaccine was inactivated or live-attenuated; 82% of liveattenuated vaccine doses used were administered to children. Effectiveness estimates were similar by vaccine type for older (aged 9-17 years) children; however, in young children, the point estimate was higher for recipients of the live-attenuated vaccine.
Adjusted VE was estimated as 65% (95% CI, 44-79) against influenza A (H1N1) pdm09 but only 39% (95% CI, 23-52) against influenza A (H3N2) ( Table 4) . Age-stratified effectiveness estimates against A (H3N2) among adults were similar (33%-42%) but with CIs with negative lower bounds (Supplementary Table 1 ). Adjusted VE was estimated as 58% (95% CI, 35-73) against influenza type B. Of note, the point estimate was lower against the B lineage (B/Brisbane/60/08 [Victoria lineage]) included in the vaccine than against the nonvaccine Yamagata lineage. Influenza type B cases were equally likely to be from the Victoria or Yamagata lineages, and both lineages infected subjects in all age categories (data not shown).
In initial VE analyses, a statistically significant interaction (P = .007) between current (2011-2012) and prior (2010) (2011) season vaccination status was demonstrated. Based on this evidence of effect modification, we also estimated VE stratified by prior season (2010-2011) vaccination status. Young children (aged <9 years) were excluded from this evaluation because of their specific recommendation for repeated vaccination [14] ; the interaction in the subset of patients aged ≥9 years remained statistically significant (P = .03). Among those vaccinated in the prior season (2010-2011), the adjusted effectiveness of vaccination in the current season (2011-2012) was estimated as 33% (95% CI, −1 to 56). In contrast, among those not vaccinated in the prior season, the adjusted effectiveness of vaccination in the current season was 56% (95% CI, 37-69). We also calculated VE for each category of vaccine exposure (ie, current only, both current and prior, prior only) with those subjects unvaccinated in both seasons as the reference group. Results, presented in Table 5 , indicate statistically significant protection with current season vaccine receipt whether or not vaccine was received the prior season; however, the point estimate was slightly higher for those vaccinated in the current season only. Low and nonsignificant residual protection was demonstrated for those subjects vaccinated in just the prior season. Alternative models were also generated for just influenza A (H3N2) outcomes (Supplementary Table 2) ; results here indicated larger differences in effectiveness point estimates based on prior season vaccination status, with no significant protection demonstrated for subjects vaccinated in the prior season.
As indicated previously, we required medical record/registry documentation of vaccination for an individual to be considered vaccinated. Influenza vaccines are now frequently administered outside of usual sites of healthcare delivery, and documentation of these vaccination events can be challenging. As a result, some vaccinated individuals could be misclassified as unvaccinated. In sensitivity analyses, 2 alternative means of representing vaccination status were considered. Both incorporated self-reported status and increased the proportion of subjects considered vaccinated. VE estimates using either approach were very similar to estimates based on medical record/registry-documented status (Table 6 ).
DISCUSSION
Population-wide assessments of VE have become more critical now given expanding recommendations for annual vaccination [2, 17] . For practical reasons, the studies that have evolved have been observational and mainly involve prevention of medically attended illnesses but with laboratory confirmation of influenza by RT-PCR. The test-negative design is frequently used in these observational studies to control for differences in healthcareseeking behavior between vaccinated and unvaccinated persons [15] ; these studies may still be affected by bias and uncontrolled confounding [15, 16, 18] . Many of the studies carried out in the United States and internationally have estimated overall VE as <60%, with variation based on virus type (subtype) [5] [6] [7] [8] [9] . There are methodological reasons that suggest that lower estimates would be expected in observational studies compared with those seen in clinical trials with random assignment [15, 16, 18] . Examining and explaining patterns and detecting changes in year-to-year estimates are the major reasons to carry out annual assessments, with the goals of quantifying the value of the US vaccine program, determining the effect of virus drift on protection, and identifying other factors that might affect VE.
In 2010-2011, a season also characterized by circulation of A(H3N2), A(H1N1) and type B viruses, the US Flu VE network's overall VE estimate was 60% (95% CI, 53-66) against all Vaccine effectiveness was estimated by comparing the vaccination coverage in influenza positive cases and influenza negative controls and calculated as 100 × (1 − odds ratio) in logistic regression models.
Abbreviations: CI, confidence interval; VE, vaccine effectiveness. a Models were adjusted for network center, subject age in months, sex, race/ethnicity categories, presence of high-risk health conditions, self-rated health status, time (days) between illness onset and specimen collection, and calendar time. b Subjects were considered vaccinated if they had documented medical record or immunization registry evidence of receipt of at least 1 dose of influenza vaccine for the current season ≥14 days before illness onset. c Partially or fully immunized. Vaccine effectiveness was estimated by comparing the vaccination coverage in influenza positive cases and influenza negative controls and calculated as 100 × (1 − odds ratio) in logistic regression models.
Abbreviations: CI, confidence interval; VE, vaccine effectiveness. a Models were adjusted for network center, subject age in months, sex, race/ethnicity categories, presence of high-risk health conditions, self-rated health status, time (days) between illness onset and specimen collection, and calendar time. b In separate sensitivity analyses, network centers that contributed <10 cases to a specific subtype/lineage were excluded; vaccine effectiveness estimates were identical or nearly identical to those presented here. c Only 128 (98%) influenza B cases had lineage determined.
types combined and 54% (95% CI, 42%-64%) against A (H3N2) [6] . Estimates in 2010-2011 from a similar network in Canada were lower overall and against A (H3N2) (37%, 95% CI, 17-52; 39%, 95% CI, 14-57, respectively) [9] . Circulating viruses in the 2010-2011 season were considered antigenically similar to strains included in the 2010-2011 vaccines, although some genetic variation among circulating A (H3N2) strains was observed [9, 19] . Because of the antigenic similarities, identical strains were selected for the 2011-2012 vaccine [14, 19] . In this study, we estimated adjusted VE of only 47% (95% CI, 35-55) overall for the 2011-2012 season and only 39% (95% CI, 23-52) against A (H3N2), the predominant circulating virus, with Vaccine effectiveness (100 × [1 − odds ratio]) was estimated by calculating the ratio of the odds of a specific vaccine exposure (current only, both current and prior, and prior only) among influenza positive cases to the odds of that vaccine exposure among influenza negative controls, relative to those unvaccinated in both years, in logistic regression models. The P value for the interaction of prior (2010-2011) and current (2011-2012) season vaccination status for patients aged ≥9 years was .03.
Abbreviations: CI, confidence interval; VE, vaccine effectiveness a Models were adjusted for network center, subject age in months, sex, race/ethnicity categories, presence of high-risk health conditions, self-rated health status, time (days) between illness onset and specimen collection, and calendar time. Vaccine effectiveness was estimated by comparing the vaccination coverage in influenza positive cases and influenza negative controls and calculated as 100 × (1 − odds ratio) in logistic regression models.
Abbreviations: CI, confidence interval; VE, vaccine effectiveness. a Models were adjusted for network center, subject age in months, sex, race categories, presence of high-risk health conditions, self-rated health status, time (days) between illness onset and specimen collection, and calendar time. b Subjects were considered vaccinated if they had documented medical record or immunization registry evidence of receipt of at least 1 dose of influenza vaccine for the current season ≥14 days before illness onset. c Subjects were considered vaccinated if they had documented medical record or immunization registry evidence and/or self-reported evidence of receipt (with date and location noted) of at least 1 dose of influenza vaccine for the current season ≥14 days before illness onset. d Subjects were considered vaccinated if they self-reported receipt of at least 1 dose of influenza vaccine for the current season ≥14 days before illness onset (those with unknown self-report vaccination status were excluded).
the lowest estimates among adults. There was some degree of antigenic drift in the circulating A (H3N2) viruses reflected in the subsequent decision to update the A (H3N2) vaccine component for the 2012-2013 season [20] ; this could account for some of the difference in estimates. Another possible explanation for the lower than expected VE relates to the effect of prior year vaccination on current year effectiveness estimates. Here some of the apparent negative effect of prior vaccination may be due to residual protection; however, the effect is still seen when considering those unvaccinated in both years as the comparison group, particularly for A (H3N2). It is currently only possible to speculate on the reasons for this finding, which was also observed in the 2010-2011 season in a prospectively followed, highly vaccinated, household cohort of children and younger adults [10] . Although attenuated immunologic responses have been demonstrated with repeated vaccination [21] [22] [23] , corresponding reductions in VE have not been consistently seen [24, 25] . It is important to determine if this phenomenon is real and a continuing issue, and if so, its basis, including how the antigenic relatedness between vaccine and circulating strains and between vaccine strains selected from year to year may contribute [26] .
Two different lineages of type B virus have been circulating globally for many years [27] . They are distinct antigenically, and there is evidence, especially in very young children, that vaccination or infection with 1 lineage produces little antibody to the other [28, 29] . Inability to predict which type B virus will circulate in a particular year, as well as mixed outbreaks, has resulted in development of an, as yet unreleased, quadrivalent vaccine containing both B lineages [3] . In the 2011-2012 season, the vaccine contained a B/Victoria lineage virus only, but both B/Victoria and B/Yamagata strains circulated; both lineages infected subjects in all age categories. It was somewhat surprising that VE was similar against both lineages, suggesting that, at least during this single season, a quadrivalent vaccine may not have offered substantial protective benefit over the trivalent vaccine. Protection may also depend on the strains that had circulated recently because protection produced by past infection may be greater than that produced by vaccination [30] .
VE studies are designed to be conducted annually, based on the recognition that year-to-year variation in VE does occur. Such studies are intended in part to determine the relation of effectiveness to the strains selected for the vaccine because such selection must consider many factors including antigenic and molecular analyses [1, 19] . In 2011-2012, a year of modest influenza activity, there was reduced VE against type A (H3N2). Although there was drift in the A (H3N2) viruses, we also demonstrated an apparent negative effect of repeated annual vaccination on effectiveness. Clearly, this phenomenon needs to be examined in other years when different strains are part of the vaccine, and, if present, a mechanism needs to be identified.
We are at the threshold of introduction of a variety of new influenza vaccines, and studies intended for licensure will give only partial information on effectiveness. It is reassuring to know that annual VE studies will give us the ability to assess how well they work in large population groups of varying age and in comparison with one another. This will allow appropriate response because annual vaccination is a cornerstone of influenza prevention.
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